Background: Deficiency of hypoxia-induced factor-1a (HIF-1a) in macrophages reduced lipopolysaccharide (LPS)-induced mortality; however, whether HIF-1a expression in myeloid cells would contribute to the development of Escherichia coli (E. coli) or LPS-induced acute lung injury (ALI) is less investigated. Aim: To test whether deletion of Hif1a in myeloid cells affects E. coli or LPS-induced ALI and to elicit the underlying mechanisms. Design: Laboratory study. Methods: We intratracheally challenged Hif1a fl/fl and Hif1a fl/fl LysM Cre mice with E. coli or LPS to analyze lung and spleen in-
Introduction
Acute respiratory distress syndrome is a severe form of acute lung injury (ALI) in humans. 1, 2 The mortality of ALI remains $40%, despite recent progress in intensive care support. 3 As such, it is imperative to gain mechanistic insight into the pathogenesis of ALI and explore the novel therapeutic targets. ALI, as an inflammatory syndrome, is pathologically ascribed to many inflammatory cells (neutrophils, 4 
) signaling pathways (AKT1 6 and STAT3 7 ) and transcription factors (hypoxiainduced factor-1a (HIF-1a)). 8, 9 HIF-1 is a heterodimeric helix-loop-helix transcription factor whose expression is regulated by oxygen at the protein level.
HIF-1a is regulated by a family of oxygen-and iron-dependent prolyl hydroxylases, HIF-1a accumulates and translocates into the nucleus, where it binds the constitutively expressed HIF-1b. The resultant heterodimer HIF-1 binds to hypoxic response elements of target gene regulatory sequences. 10 It has been reported that HIF-1a is a critical determinant of the sepsis phenotype. HIF-1a promotes the production of inflammatory cytokines, including TNF-a, IL-1, IL-4, IL-6 and IL-12, which reach harmful levels in the host during early sepsis. 11 Induction of aerobic glycolysis is dependent on Akt/mTOR/HIF-1a signaling in macrophages and lead to trained immunity. 12 HIF-1a mediates the functional re-programming of monocytes during sepsis. 13 We have reported that a7 nAChR /J) were purchased from JAX lab. The background of these mice was C57BL/6J. The mice were housed in groups with 12 h dark/light cycles and with free access to food and water. Eight to 10-week-old male mice were used for the experiments. Anesthesia was induced with an intraperitoneal (i.p.) injection of pentobarbital sodium (50 mg/kg). All animal studies were approved by the Committees on Animal Research of the Institut Pasteur of Shanghai, Chinese Academy of Sciences, China.
Materials and methods

Animals
Reagents
Lipopolysaccharides Escherichia coli 0111: B4 were from Sigma (St Louis, MO, USA). a7 AChR antibody (H-302) was from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Anti-mouse CD11b PE, anti-mouse CD16/CD32 antibodies and IgG isotype controls were from eBioscience (San Diego, CA, USA). PathScan 
Measurement of extravascular lung water
The detailed procedures were described previously.
17
Bronchoalveolar lavage, protein levels and leukocyte counts
17,18
Preparation of lung and spleen cells
Harvested lungs were inflated with 3 ml of a mixture of collagenase (150 units/ml) and DNaseI (10 lg/ml) in RPMI-1640 containing 5% fetal bovine serum (FBS) and 20 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES). Lungs were chopped in the 3 ml enzyme mix and incubated for 35 min at 37 C. A 10 mM ethylenediaminetetraacetic acid was added and any remaining pieces were further dispersed by 12 passages through a 21-G needle. Suspensions were passed through a 100 lm nylon mesh and cells were washed multiple times in RPMI-1640 with 5% FBS, 20 mM HEPES. Red blood cell (RBC) lysis was performed on cell preparations for cellular analysis by flow cytometry. For preparing single cells, spleens were removed and grounded in a 70 lm cell strainer. Erythrocytes were lysed. 19 
Flow cytometric analysis
After unspecific staining was minimized through pre-incubation for 15 min with anti-mouse CD16/32 antibodies, lung or spleen cells were labeled with primary or isotype antibodies. Isotype antibody and unstained controls were used to demonstrate specificity of staining and to establish the criteria for flow cytometry populations (for simplicity, data are not presented regarding these controls). The data fluorescent cells were analyzed after excluding debris and aggregates with LSRFortessa (BD Biosciences, San Jose, CA, USA). For better analysis, the whole cell population was divided into three gates: lymphocyte, monocyte and polymorphonuclear leukocytes (PMN) according to cell size and granularity. Data were analyzed by Flowjo 7.6 software (Tree Star Inc. Ashland, OR, USA).
Measurements of cytokine levels by ELISA
TNF-a, MIP-2, phospho-Akt1 (Ser473) and Phospho-Stat3 (Tyr705) levels in the biofluid were measured by ELISA kits.
Statistical analysis
Statistics analysis was performed using GraphPad Prism software (GraphPad, San Diego, CA, USA The mice were killed at 24 h after E. coli challenge. We found that extravascular lung water (ELW) ( Figure 1A) , lung E. coli colonies ( Figure 1B ), lung monocytes ( Figure 1C ), lung neutrophils ( Figure 1D ), and lung MIP-2 and TNF-a levels ( Figure 1E-F Deletion of Hif1a in myeloid cells reduces BAL inflammatory parameters in E. coli-induced ALI
The Hif1a fl/fl and Hif1a fl/fl LysM Cre mice were intratracheally challenged with E. coli (2.5 Â 10 6 cfu). The mice were killed at 24 h after E. coli challenge. The BAL was collected to measure BAL protein levels, BAL TNF-a levels and BAL E. coli numbers. We found that BAL protein levels (Figure 2A) , BAL TNF-a levels ( Figure 2B ) and BAL E. coli numbers ( Figure 2C ) were markedly decreased in E. coli-challenged Hif1a fl/fl LysM Cre mice compared with E. coli-challenged Hif1a fl/fl mice. These findings further support that HIF-1a is a proinflammatory factor in the airspaces of the E. coli-infected lungs. 
Deletion of Hif1a in myeloid cells increases splenic inflammatory cells and levels of p-AKT1 and p-STAT3 in E. coli-induced ALI
The Hif1a fl/fl and Hif1a fl/fl LysM Cre mice were intratracheally challenged with E. coli (2.5 Â 10 6 cfu). The mice were killed at 24 h after E. coli challenge and the spleens were harvested. We found that spleen weight/body weight ratio ( Figure 3A) , spleen monocytes and neutrophils ( Figure 3B and C) , and p-AKT1 and p-STAT3 in the supernatant of spleen homogenate ( Figure 3D and E) were significantly in the E. coli-challenged Hif1a killed at 24 h after E. coli challenge and the lung cells were isolated and labeled with PE-CD11b and Fluro-488 a7 nAChR antibodies for flow cytometry ( Figure 5A ). The a7 nAChR Deletion of Hif1a in myeloid cells increases splenic a7
Using the same experimental strategy shown in Figure 5 , we also analyzed splenic a7 nAChR 
Discussion
In this study, we have established the relationship among HIF1a, a7 nAChR Phosphorylation of p-AKT1 could control mobilization of splenic a7 nAChR þ CD11b þ cells that render protection for lung E. coli infection. 15 Vagal anti-inflammatory pathway acts by a7 nAChRmediated Jak2-STAT3 activation. 23 These changes might contribute to less lung inflammation and injury in the E. coliinfected Hif1a fl/fl LysM Cre mice.
It is well-recognized that CD11b is a negative regulator of TLR pathway. 24 In this study, HIF-1a expression was not changed in E. coli-infected Itgam À/À lung or spleen cells compared with E. coli-infected wild-type cells. In E. coli-infected Chrna7 À/À lung cells, HIF-1a expression was markedly increased compared with E. coli-infected wild-type lung cells ( Figure 4B ). Therefore, these findings support that deficiency of a7 nAChR directly contributes to elevation of HIF-1a expression. Increase of HIF-1a expression in double knockout of Chrna7 and Itgam lung or spleen cells was in accordance with exacerbation of lung E. coli infection, 15 suggesting that HIF-1a plays a proinflammatory role in the E. coli-infected lung. a7 nAChR could negatively regulate expression of HIF-1a and mediate antiinflammatory effects. Deficiency of HIF-1a elevated a7 nAChR þ CD11b þ cells in the E. coli-infected lung and protected the E. coli-infected mice, demonstrating that HIF-1a signaling engages with a7 nAChR and CD11b in the myeloid cells to regulate lung infection and inflammation. The exact mechanism that HIF-1a regulates a7 nAChR and CD11b warrants further investigation. Besides humoral and cellular regulation, neural regulation is required for host to fight against pathogens and resolve inflammation. The neuroimmune interplay provides the host with a fast, discrete and localized means of controlling the immune response. 25 Although open to the outer environment, the lungs could fight against pathogens or contain inflammatory cytokines via compartmentalization. [26] [27] [28] Vagus nerve endings are reported to innervate distal airway of lung, even in the alveoli. 29, 30 Vagotomy and deficiency of a7 nAChR worsen lung infection, inflammation and injury and increase proinflammatory cytokine levels in the circulation, 17, 18 suggesting that the intact vagal circuits locally limit the magnitude of lung infection and inflammation. 31, 32 In this study, in the E. coli-infected Hif1a fl/fl LysM Cre lungs, the a7 nAChR þ CD11b þ cells were increased. The infection and inflammation were attenuated by deleting of HIF-1a in myeloid cells. It is important that the a7 nAChR þ CD11b þ cells require to be activated by acetylcholine (neurotransmitter of vagal nerve endings) to reduce lung infection and suppress bacterial growth. Disruption of vagal circuits inactivates acetylcholine-a7 nAChR anti-inflammatory signaling and worsens LPS-induced ALI. 15 We have reported that AKT is a downstream factor of vagal-a7 nAChR signaling pathway. 15 Taken together, deletion of Hif1a in myeloid cells protects E. coli or LPS-induced ALI by increasing a7 nAChR þ CD11b þ cells and phosphorylation of AKT1 and STAT3 in the spleen. These findings have deepened on our understanding between HIF-1a signaling and cholinergic anti-inflammatory pathway. 
